Irradiation Facilities
of JRR-3 , JRR-4 and NSRR

2" International Symposium on Material Test Reactors
September 28 - October 1, 2009

H. Takahashi, H. Murao, T. Kishi , A. Shoji and S. Wada
Department of Research Reactor and Tandem Accelerator
Japan Atomic Energy Agency




JRR-3
JRR-4

,i/""(

= = = N .4 2 4 ‘ &
= o 3 2= & -







Neutron @

Beam
Experiments

O Neutron scattering

Neutron
experiment

= radiogra
ANalysiS o prompt ray

. Fuel and
Mat_erial
o ductio Irradiation
of RI Utilization of

Research Reactors
Nuclear Fuel

safety
Neutron research
Transmutation Others
DOpIng O Training course for

Of S|I|Con Medical reactor engineers

O Reactor engineering

Irradiation '

© Shielding experiment



Outline of JRR-3 @

O First Critical :12, September, 1962
224 March, 1990(Upgraded)
O Purpose :Beam experiments, Irradiation tests, Rl production,
Activation analysis, Silicon semiconductor
O Type :Light water moderated and cooled,

pool type reactor with low-enriched uranium
O Max. Thermal Power : 20MW

O Max. Thermal Neutron Flux: | ™ 1
Appl‘OX. 3 X 1 018m-25-1 “ ;}\,,:-fTTﬂ*T_X'-'\'\ W = ..“
Operation Mode : ! |
Cycle Operation, 26 days/Cy |
6~7cycle Operation/year

American Nuclear Society T

Nuclear Historic Landmark Award F
August 2007




Isometric View of J%IEB:S)/V @y
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JAEA

Layout of neutron beam experimental
instruments at JRR-3
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Beam Experimental Facilities @y

B Experimental

Of JRR'3 ," 7 9C  building
1G - 6G : For g,
neutron scattering .

experiments, etc

7R : For neutron @ /
N ENs o
b

radiography

8T : For various e
experiments by 3G
using thermal

neutrons

9C : For various
experiments by
using cold neutrons




@

Irradiation Utilization Facilities

S ... of JRR-3
* |rradiation facilities

— Hydraulic rabbit ‘r;,_ac NS PN 3, /@_}J

(HR) SI::'*-""E > /¢ Reactor pool
— Pneumatic rabbit Q" > HR

Ly _ﬁLN,.L —Er-1 Reactor
— Activation analysis —i/ = R

(PN3) SH = NS BR

: NP 1L ‘Heavy water tank
— Uniform (SI) é}i—f Q?
‘ PNF{“--{JDF{ L L /\3

— Rotating (DR) N A/ L CANN

— Capsule
(RG,BR,VT-1, SH)



JRR-3 irradiation capsules

Capsules Capsules Capsules Capsules
for PN-3  for PN-1 for HR-1 for vertical
and 2 irradiation




884(mm)

Temperature control capsule for @&
Material Irradiation Tests at JRR-3

) Gas exhaust pipe(SUS304)

Test peace(A533B-1)

Heater (SUS) | The material of the pressure vessel

of the light water power reactor

Inner pipe(SUS316)

luence monitor (AL-Co, Fe)

Thermocouple (SUS316)

Temperature control

- Gap control

« Heater control

« Mixture gas control
(N and He)

Outer pipe(SUS316)

Gas aeration pipe(SUS304)




Production of silicon @ &
semiconductors at JRR-3

Siliconngle crystal

( )

O Maximum irradiation size : 6 inch. diameter

O Manufacturing capacity : About 3.5 ton/year
-

J

JRR-3 Silicon irraciiation device



Status of utilization of capsules @
irradiatedin JFY
2008(JRR-3)

Users
outside JAEA

Neutron
activation
analysis

Total
capsule

numbers

4,805 T
&Y,
\“h@

4,273 (88.9%)

.0

176 _ 176

S

0

| others 27 (0.6%) Breakdown of NAA A
j Resin, organic compound 116 (2.7%)
j Meteorite 144 (3.4%)

Metal, inorganic compound 193 (4.5%)

Rock 256 (6%)

Soil 298 (7%)

Animals,plants, fish and shellfish 608 (14.2%)

Air particulate, filter 2631 (61.6%)

YO‘ 1000 2000 3000/

Silicon Irradiation 176 (3.7%)

Radioisotope production 119 (2.5%)
(Inside: 32, Outside: 87)

Fuels and materials for reactor
23 (0.5%) (Inside: 3, Outside: 20)

Others 214 (4.5%)

Users
inside JAEA

(Inside: 13, Outside: 201)




Outline of JRR-4

O First Critical : 28,,, January, 1965
14, July, 1998 (Low Enriched)
Purpose : Medical Irradiation (BNCT), Rl production,
Activation analysis, Education and Training
O Type : Light water moderated and cooled,
swimming pool type reactor
O Max. Thermal Power : 3.5MW
O Max. Thermal Neutron Flux: approx. 7% 10" 'm™s”
O Operation Mode :
Daily Operation -
6hrs/Day ~
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Isometric View

CRDM
9.8M of JRR-4

Reactor Pool

Pneumatic Tube (Pn)

Hydraulic Rabit
Irradiation Facilities (T pipe)

Control Rod

Neutron Beam Facility

Medical Irradiation
(BNCT)
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Reactor core of JRR-4

- Fuel elements
° — Control rods
9 - Reflector elements

_ ant NRRRENE FAREERN) Neutron source

Pool
side

¢
O

() Irradiation tubes
D : D Pipe
f— i ToPipe
@ Q N : N Pipe
Pn: Pneumatic tube
S : S Pipe




Number of clinical cases

40
39
30
25
20
15
10

Changes in number of clinical cases

of BNCT at JRR-4

Collimator (Including Lithium)

Tumor Cell
] Lithium Particle

Neutron B
Beam B

11
|
1

Alpha Particle
Boron-10
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|_|Pulmonary Tumor
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I Head & Neck Tumor

Bl Malignant Brain Tumor
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Outlineof NSRR &

First Critical : June, 1975
Max. Reactor Power : 23GW(Pulse operation)




NSRR facility @y

Reflector (water)

Hold-down device Experimental cavity

R . Safety rod
‘I Control rod\

Regulating rod

AN Void (air)
J Watq‘r level :
A
Vertical Test fuel rod Transient rod
loading tube\
Offset a Test capsule Driver fuel element
loading tube— j ;
o Core horizontal cross section

=

Test Reactor core
| capsulg Effective height: ~38 cm

Neutron
detector =

Reactor\

o Equivalent diameter: ~60 cm
Moderator: ZrH1.6, H,O
v T Driver fuel rod

MH Fuel materials: U-ZrH, ¢
Enrichment: 20%
Cladding: SUS 304

Sub-pile roo Dimensions: 3.75cmD x 60cmL
— Number of rods: 157

Vertical Cross section of the NSRR



NSRR Experiment

* Fresh fuel experiments
(1975~)

* |rradiated fuel experiments
(1989~)

* High burnup fuel/ MOX fuel experiments
(2002~)
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High burnup fuel/ MOX fuel experiments
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Pressure
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High temperature
capsule

Test fuel
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Test condition
-temperature:286°C
-pressure:7.12Mpa




REMARK @

JRR-3 was utilized capsule irradiation of
4,805 samples, for neutron activation analyses,
neutron transmutation doping of silicon, etc In
JFY 2008.

Boron neutron capture therapy was carried
out 25 times using JRR-4 in JFY 2007. The
trouble of reflector occurred in December 2007.
At present, the reactor has been stopped to
replace the reflector.

A new capsule of NSRR which achieves
high temperature condition was developed
successfully.
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